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[57] ABSTRACT 
Synthesis use of a new class of diaryliodonium salt' 
photo and thermal polymerization initiators in which 
the aryl groups are substituted with alkoxy group bear 
ing hydroxy groups. Good to excellent yields are ob 
tained of diaryliodonium salts in which the aryl groups 
are substituted with long chain alkoxy groups, which 
alkoxy groups also possess at least one hydroxyl moiety 
attached at the 2-position of an alkoxy group. The resul 
tant salts have enhanced solubility when compared with 
their lower molecular weight counterparts. The hy 
droxyl groups serve as chain transfer agents; and, in 
cross linking UV-induced cationic polymerizations, the 
hydroxyl groups effect marked accelertion on polymer 
ization rates. The salts also have excellent compatability 
with nonpolar monomers such as epoxidized oil and 
poly( 1,2-butadience oxide) and provide further bene?ts 
when they are used along with copper cocatalysts in 
thermally curable polymer systems. In the latter form of 
cases, the secondary hydroxyl group serves as a reduc 
ing agent for the copper (II) complex. 

6 Claims, No Drawings 
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HIGH YIELD SYNTHESIS OF 
HYDROXYL-CONTAINING CATIONIC 

PHOTOINITIATORS 

RELATED APPLICATIONS 

This application relates to US. Ser. No. 558,627, ?led 
on July 27, 1990 and entitled: PREPARATION OF 
DIARYLIODONIUM SALT PHOTOINITIATORS 
HAVING LONG CHAIN ESTER GROUPS CON 
CATENATED WITH ARYL GROUPS, by James V. 
Crivello, the instant inventor. The earlier application is 
incorporated herein by referece. 

BACKGROUND OF THE INVENTION 

1. Field Of The Invention 
This invention relates generally to photoinitiators 

used in cationic polymerization, and speci?cally to the 
synthesis and use of a new class of diaryliodonium salt 
photo and thermal initiators with aryl-substituted alk 
oxy groups bearing therewith hydroxy groups. 

2. Discussion Of The Art 
In the past several years, photoinitiated cationic poly 

merization has received considerable attention as a 
rapid, energy efficient and pollution-free method for the 
cure of epoxy monomers. It has been discovered that 
certain onium salts, namely diaryliodonium (I) and tria 
rylsulfonium (II) salts, rapidly and ef?ciently photoiniti 
ate the polymerization of practically all types of cationi 
cally polymerizable monomers: 

Ar-l+-Ar (I) 

Ar (11) 

Because the above classes of compounds could be 
synthesized with relative ease, together with high quan 
tum yields of photolysis and exceptional thermal stabil 
ity in the presence of monomers, they became the ?rst 
truly practical photoinitiators for cationic polymeriza 
tion. These facts and others are pointed out clearly and 
succinctly in a paper prepared by the instant inventor 
and colleagues Conlon, Olson and Webb, entitled: “The 
Effects Of Polyols As Chain Transfer Agents And Flex 
iblizers In Photoinitiated Cationic Polymerization", 
Journal of Radiation Curing, 3-9, October 1986. Within 
the industry, diaryliodonium and triarylsulfonium salts 
continue to be the principal photoinitiators for cationic 
ultraviolet (UV) curing. Diaryliodonium salts having 
the structure shown in (I) have been described in the 
patent literature as efficient photoinitiators for cationic 
polymerization, notably in US. Pat. No. 4,683,317 is 
sued in 1987 to the instant inventor, J. Crivello, and 
colleague J .L. Lee. Therein, the subject salts result from 
the condensation of aryliodosotosylates and aryl ke 
tones. The salts are used as photoinitiators to effect deep 
section UV cures in (deep section) photopolymerizable 
organic materials used for the encapsulation of elec 
tronic components. 
As pointed out in the Journal of Radiation Curing 

article, there are two major advantages to UV curing 
using photoinitiated cationic polymerization. The cur 
ing systems require no blanketing by inert gas because 
they display no inhibition by oxygen; and. many of the 

20 

25 

30 

35 

45 

50 

55 

65 

2 
photoinitiated cationic polymerizations undergo sub 
stantial post cure after initial irradition. The postcuring 
property, which can be accelerated by heating, may 
readily suf?ce in applications where an immediate cure 
of the coating, having been inadequate, is not absolutely 
essential. 

Notwithstanding, the existing postcure effect, it has 
been determined that when multifunctional epoxy mon 
omers are UV cured, using photoinitiated cationic poly 
merization, the cure rate passes through a maximum, 
and then falls off rapidly. This factor is revealed also in 
the aforementioned article. The same effect is observed 
when multifunctional vinyl monomers are polymerized 
using free radical photoinitiators; In such network 
forming systems, polymerization proceeds rapidly until 
gelation occurs. At this point, polymerization markedly 
slows, but can still occur as monomers diffuse to the 
?xed propagating sites within-the swollen gel. As the 
gelation temperature of the networkv reaches the region 
of the temperature at which UV curing is taking place, 
vitri?cation sets in, monomer diffusion is impeded, and 
polymerization virtually ceases. Delaying the onset of 
gelation so that it closely approaches the point of vitrifi 
cation assures an overall high polymerization rate, thus 
obviating existence of sizable unreacted (but polymeriz 
able) groups within the UV-cured coating. The instant 
inventor and his colleagues determined that, in photo 
initiated cationic epoxy systems, such results can be 
achieved with the use of chain transfer agents, specifi 
cally hydroxyl-containing compounds such as water 
and alcohols. 

In U.S. Pat. No. 4,090,936, issued to Barton in May 
1978 and entitled “PHOTO HARDENABLE COM 
POSITIONS”, a class of diaryliodonium salts is dis 
closed in which aryl groups have been defined as com 
posed of aromatic groups or arylalkyl groups contain 
ing from 6 up to, but not more than, 20 carbon atoms. 
Salts having more carbon atoms were specifically ex‘ 
cluded from this disclosure. In another patent recently 
issued to the instant inventor, US. Pat. No. 4,882,201, 
diaryliodonium salts possessing alkoxy groups of differ 
ing lengths were described as non-toxic photoinitiators; 
however, no disclosure is made therein of similar 
diaryliodonium salts containing other functional 
groups, particularly with long carbon chains. Most 
notably, there is a complete paucity in either the patent 
or chemical literature of descriptions or disclosures of 

diaryliodonium salts possessing hydroxyl-containing 
alkoxy groups attached to the aryl moieties; such salts 
have now been made with high yields and are hereinaf 
ter described. Likewise, the aforementioned related 
application teaches the method for obtaining significant 
(quantitative) yields of soluble diaryliodonium salts 
having alkoxy groups of more than twenty carbon 
atoms attached to an iodine atom. 

SUMMARY OF THE INVENTION 

Diaryliodonium salts in which the aryl groups 
bonded to iodine contain hydroxyl-substituted alkoxy 
groups are not known, not having been previously re 
ported in the art. 

Quite unexpectedly, the instant inventor has discov 
ered that it is possible to prepare in good to excellent 
yield, diaryliodonium salts in which the aryl groups are 
substituted with long chain alkoxy groups which also 
possess hydroxyl moieties attached at the 2-position of 
the alkoxy group. Incorporation of these long chain 
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hydroxyalkoxy groups into the aryl groups confers 
enhanced solubility to these salts compared with their 
lower molecular weight counterparts, notably the coun 
terparts in which aryl groups, composed of aromatic 
groups or arylalkyl groups. attached to the positive 
iodine atom contain 20 or less carbon atoms. 

The hydroxyl groups that are characteristic of the 
instant invention serve as chain transfer agents. In cross 

linking UV-induced cationic polymerizations, it has 
been shown that such hydroxyl groups have a marked 
acceleration effect on the polymerization rates. On pol 
ymerization, the initiator residues become bonded to the 
matrix of the polymerizing resin, resulting in a decrease 
in the number of fragments of the initiator which can 
volitalize or leach out of the polymer ?lm. This factor is 
of considerable importance for electronic applications 
in which the photoinitiator is used, since it is known that 
photoinitiator residues, having ionic character, may 
degrade electronic performance by interfering with 
hole/electron transport mechanisms. 
An additional bene?t arises when the instant iodo 

nium salts are used along with copper cocatalysts in 
thermally curable systems. In such cases, the secondary 
hydroxyl group serves as a reducing agent for the cop 

per (II) complex. 
The photoinitiators of the invention are very reactive 

and, because of their high molecular weight and hydro 
carbon-like character, are probably non-toxic (US. Pat. 
No. 4,882,201, ibid.). 

Additional to their excellent solubility in most or 

ganic solvents, the new initiators have been found to 
possess excellent compatability with even such nonpo 
lar monomers as epoxidized oils and poly(1,2-butadiene 

oxide). 

DETAILED DESCRIPTION OF THE 
INVENTION 

A general scheme for the synthesis of the diaryli 
odium salts of this invention is as follows: 

I(OH)OTS L) 
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-contin'ued 

The above is a general synthesis which can be ex 
panded to cover a large family of such photoinitiators. 
In this scheme, the values of n are integers from O to 25. 
X- in the above general formula includes those com 
plex metal halide anions such as BF4", PF6-, AsF6~, 
SbF6-, as well as anions of strong protonic acids such 
as C104“, CF3SO3_, F503", and CH3SO3*and 
C4F9SO3". Among the many examples of such com 
pounds are those shown below. 

QQQ'OQ 
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on Q-H-Q-o-cm-cn-cms 
Thus, at least one of the aryl groups attached to the 

positively charged iodine atom bears moieties contain 
ing hydroxyl groups. 
The initiators described in this disclosure may be used 

to carry out the photoinitiated polymerization of such 
cationically polymerizable monomers as mono, di and 
polyfunctional epoxides such as bisphenol-A diglycidyl 
ether, butanediol diglycidyl ether, 3,4-epoxycyclohex 
yl-3',4’-epoxycyclohexane carboxylate, phenol novolac 
epoxides, poly(l,2-butadiene oxide), epoxidized soy 
bean oil, epoxidized linseed oil: vinyl ethers, such as 
diethyleneglycol divinyl ether, triethyleneglycol divi 
nyl ether, dicyclohexanedioldivinyl ether, 1,4 
butanediol divinyl ether; vinyl hydrocarbon monomers 
including styrene, c-methyl styrene, divinyl benzene, 
l,3-diisopropenylbenzene, N-vinyl carbazole, and ace 
naphthalene. Heterocyclic monomers such as oxetane, 
trioxane, 1,3-dioxolane. and tetrahydrofuran can also be 
polymerized using these photoinitiators. The most use 
ful but not exclusive applications of these photoinitia 
tors are in formulations intended for use as UV curable 
coatings, adhesives and sealants. The photoinitiators 
can also be used for photoimaging purposes as in the 
fabrication of photoresists for electrical and electronic 
applications. 

In addition, the same diaryliodonium salts are useful 
in combination with copper cocatalysts or free radical 
initiators as thermal initiators for the above cited mono 
mers and polymers. These initiator/coinitiator combi 
nations are useful in a wide variety of applications in 
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eluding molding, pulltrusion, composites, encapsulants, ‘ 
adhesives and foams. 

Experimental 
PREPARATION OF 

[HYDROXY(TOSYLOXY)1ODO]BENZENE 
(MW = 394) 

Placed in a 1L three necked ?ask ?tted with an addi 
tion funnel, condenser, thermometer and paddle stirrer 
were 208g (1.0 mol, 98%) iodobenzene. To the iodoben 
zene were added, dropwise with stirring, 520g (2.4 mol) 
35% peracetic acid. The temperature was maintained 
between 40 and 45° C. during the addition using a water 

45 
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6 
bath. After addition was complete, the Yellow solution 
was maintained at 40° C. for one hour. Within 20 min 
utes a precipitate of iodosobenzene diacetate began to 
form and the solution became quite thick. Maintaining 
the reaction mixture at 40° C., there were added 298g 
(1.57 mol) p-toluenesulfonic acid in portions. As reac 
tion proceeded, the solution became perceptively more 
?uid, then once again thixotropic as the product, [hy 
droxy(tosyloxy)iodo] benzene precipitated. The reac 
tion temperature was maintained at 40° C. for two hours 
after addition had been completed. The product was 
isolated by suction ?ltration, washed with water and air 
dried. There were obtained 217.3g product. Yields 
ranged up to 97% theory. - 

EXAMPLE I 

To a 100 mL round bottomed ?ask ?tted with a mag 
netic stirrer, thermometer, and re?ux condenser, there 
were added 31.2 g (0.2 mol) 1,2-epoxydecane, 20g (0.21 
mol) phenol and 0.5g KOH as a catalyst. The reaction 
?ask was slowly stirred and heated over the course of 
one hour to 170° C. After maintaining the reaction ?ask 
at this temperature for an additional hour, the reaction 
mixture was cooled and transferred to a separatory 
funnel, diluted with ether and extracted with aqueous 
KOH. The ether was removed on a rotary evaporator 
leaving a pale yellow oil which, on cooling, rapidly 
crystallized. There were obtained 50.6g (a quantitative 
yield) of the desired l-phenoxy-2-hydroxydecane. 

/NaSb'F6, acetone 
OH 
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Combined together were 5.0g (0.02 mol) l-phenoxy 
2-hydroxydecane, 7.84 g (0.02 mol) [hydroxy(tosylox 
y)iodo]benzene, 50 mL methylene chloride and 2 mL 
glacial acetic acid. The reaction mixture was heated at 
re?ux (40° C.) for two hours to give a yellow, nearly 
transparent solution. The methylene chloride was re 
moved on a rotary evaporator and then 100 mL acetone 
was added. Next, there were added to the solution 5.18 

g (0.02 mol) NaSbF6 and the reaction mixture was 
stirred. Immediate formation of a white precipitate of 
sodium p-toluenesulfonate was formed which was re 
moved by suction ?ltration. The acetone was then 
stripped off under vacuum leaving a pale yellow oil of 
the iodonium salt photoinitiator, [4-(2-hydroxy-l 
decyloxy)phenyl] phenyliodonium hexa?uoroantimon 
ate. On standing, the oil tended to slowly crystallize. 
A 1% solution of the above photoinitiator dissolved 

in 4-vinylcyclohexene dioxide and spread as a 3 mil ?lm 
on glass, cured to a hard, transparent crosslinked coat 
ing within 5 seconds when exposed to UV light from a 
GE H3T7 medium pressure mercury arc lamp ballasted 
at 200 W. 

EXAMPLE 2 

The same procedure described above was used to 
prepare l-phenoxy-2-hydroxytetradecane. Combined 
together were 42.4g (0.2 mol) l,2-epoxytetr_adecane, 
28.2g (0.3 mol) phenol and 0.5 g KOH. The reaction 
mixture was heated at 120-130’ C. for one hour, then 

cooled, poured into a separatory funnel, diluted with 
methylene chloride and washed twice with l N KOH 
solution to remove the phenol. Saturated brine was 
added to break the emulsion. Finally, the reaction mix 
ture was washed with distilled water and the organic 
layer dried over magnesium sulfate. The solvent was 
removed on a rotary evaporator yielding a pale yellow 
oil. On cooling the oil crystallized to give a waxy solid. 
The yield was 52.4 g (86% theory). M.W.=306, 
C20H34O2. The crude product may be recrystallized 
from hot n-hexane (m.p. 80-8l° O). 

LII 
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-continued 

As described in example 1, there were combined 
together 7.84 g (0.02 mol) [hydroxy(tosyloxy)iodo]ben 
zene, 6.12 g (0.02 mol) l-phenoxy-2-hydroxytetradec 
ane, 40 mL methylene chloride and 5 mL glacial acetic 
acid. The reaction mixture was heated under reflux until 
the [hydroxy(tosyloxy)iodo]benzene had dissolved (3 
hours). The methylene chloride was removed using a 
rotary evaporator and the pale yellow oil redissolved in 
75 mL acetone. There were added 5.16 g (0.02ymol) 
NaSbF6 and the reaction mixture was stirred. Immedi 
ate separation of sodium p-toluenesulfonate took place 
and the reaction mixture was ?ltered using suction ?l 
tration. The acetone was removed by evaporation leav 
ing a yellow oil. Distilled water was added and the oil 
washed several times. On standing overnight. the oil 
crystallized and the product was briefly dried and 
weighed. There were obtained, in two separate trials, 
12.7 g (85% yield) and 12.9 g (86.5%) of the desired 
iodonium salt. M.W.=7‘46, C26H39O2ISbF6. The salt 
could be puri?ed and crystallized by washing it with 
hexane or toluene. On drying, the compound had a 
melting point of 93-95’ C. The salt may be readily re 
crystallized from hot toluene. 
The above iodonium salt was an excellent photoinitia 

tor for cationic polymerization. Using the irradiation 
conditions described in the previous example, 4-vinyl 
cyclohexene dioxide was tackfree in 5 seconds, polybu 
tadiene oxide in 10 seconds, and diethylene glycol divi 
nyl ether in one second. 
A 1% solution of the above iodonium salt initiator 

was prepared in 4-vinylcyclohexene dioxide. To this 
solution there were added 0.1% copper naphthenate 
(12% in mineral oil) and 1% by weight stannous octo 
ate. On mixing, the green copper color was discharged 
and polymerization took place immediately and exo-_ 
thermically. This is an example of the use of a redox 
catalyzed cure of an epoxy resin using the hydroxy-sub 
stituted iodonium salts of the instant invention. 
The same test as shown above was repeated omitting 

the tin reducing agent. On heating the catalyzed epoxy 
mixture to 100° C., rapid exothermic polymerization 
took place. This example demonstrates the use of the 
hydroxy-substituted iodonium salts of this invention in 
heat-activated cures of epoxy resins. 
The above example was repeated again, replacing 

NaSbF6 with 3.68 g KPF6_ There were obtained, after 
washing with water and hexane, 7.34 g (56.4% yield) of 
the desired iodonium hexa?uorophosphate salt. A 1% 
solution of the salt in 4-vinylcyclohexene dioxide gave a 
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tackfree ?lm after 15 seconds irradiation as described 
above. 

EXAMPLE 3 

As in the above two experiments, there were reacted 
together 368g (0.2 mol) 1,2-epoxydodecane, 28.2 g (0.3 
mol) phenol and 0.5g KOH. Reaction was continued for 
two hours at 130° C. The product, l-phenoxy-Z-hydrox 
ydodecane was dissolved in ether, extracted with KOH, 
washed with water and isolated by removal of the sol 
vent. Puri?cation was achieved by recrystallization 
from nlhexane. The product, (23.82 g) l-phenoxy-2 
hydroxydodecane, had a melting point of 70-72‘ C. 

A mixture of 5.96 g (0.02 mol) l-phenoxy-Z-hydrox 
ydodecane, 7.84 g [hydroxy(tosyloxy)iodo]benzene, 40 
mL methylene chloride and 10 mL glacial acetic acid 
were reacted together at re?ux for one hour. A yellow 
solution was obtained which was treated as in the previ 
ous example. After addition of 40 mL acetone and 5.18 
g NaSbF6, the reaction mixture was ?ltered and the 
?ltrate placed on a rotary evaporator. On addition of 
distilled water, followed by washing the oil several 
times, the iodonium salt product crystallized. The prod 
uct was ?ltered and dried to give 15.5 g of the desired 
iodonium salt. The compound was recrystallized from 
toluene (m.p.9l.9° C.). Ultraviolet irradiation of a one 
mil ?lm containing the biscycloaliphatic epoxide, 3,4 
epoxycyclohexylmethyl-3’,4'-epoxycyclohexane car 
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10 
boxylate, and 2% of the above photoinitiator gave a 
crosslinked tackfree ?lm in 15 seconds. 

EXAMPLE 4 

Combined and reacted at 130° C. were 29.6 g (0.1 
mol) 1,2-epoxycosane, 15g (0.16 mol) phenol and 0.5 g 
KOH as a catalyst. After one<and one-half hours, the 
reaction mixture was cooled, dissolved in hot n-hexane 
and allowed to crystallize. The product was isolated by 
suction. ?ltration and allowed to air dry. The product 
had a melting point of 83-85° C. 

1(omo'rs 11-) 

TsO - 

/NaSF6, acetone 

(EH 
l+ O-"CH2-CHC13H37 

To 7.80 g.(0.02 mol) of l-phenoxy-2-hydroxycosane 
there were added 7.84 g (0.02 mol) [hydroxy(tosyloxy)i 
odolbenzene, 35 mL methylene chloride and 10 mL 
glacial acetic acid. The reaction mixture was heated to 
re?ux for one and one-half hours. After removal of the 
methylene chloride under vacuum, the yellow oil was 
diluted with 40 mL acetone, and 5.18 g (0.02 mol) 
NaSbF6 was added. The reaction mixture was further 
diluted with acetone and then ?ltered to remove the 
sodium p-toluensulfonate. The acetone was evaporated 
from the reaction mixture. On addition of distilled wa 
ter, the product crystallized to give a pale yellow crys 
talline salt. A 1% solution of this crude salt in 4-vinylcy 
clohexene dioxide gave a tackfree ?lm in 5 seconds 
irradiation under the conditions described in Example 1. 
The photoinitiator was recrystallized from toluene to 
give thepure iodonium salt in the amount of 13.04 g 
(78.6% yield). 
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What is claimed is:' 
1. A method for quantitative~synthesis of broadly 

soluble diaryliodonium photo- and thermo-active poly 
merization initiator salts of the formula, 

x 
OH 

in which the values of n are integers from 0 to 25 and 

X-includes complex metal halide anions such as BFr, 
PF6-, AsF6-, SbF6-, and anions of strong protonic 
acids such as ClO4-, CF3SO3“, F5031 CH3SO3‘, 
and C4F9SO3-, comprising reacting a compound of the 
formula, 

with [hydroxy(tosyloxy)]iodobenzene in the presence 
an organic solvent and a reagent providing an anion of 

a complex metal halide or a strong protonic acid, as 

aforesaid. 
2. A method for producing up to excellent yields of 

highly soluble diaryliodonium photo-and thermo-initia 
tor salts in which aryl groups are substituted with long 
chainalkoxy groups which possess 2_-position hydroxyl 
moieties, said method comprising reacting a monoary 
loxy-Z-hydroxyalkane with [hydroxy(tosyloxy)iodo]~ 
benzene in the presence of a suitable solvent and further 

providing an anion source from a complex metal halide 

or a strong protonic acid. 
3. The method of claim 2 wherein said salts with 

2-position hyroxyl moieties comprise molecules of the 
formulae: 
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12 
-continued 

4. The method according to claim 2 wherein the 
providing step comprises including an anion from the 
groups: 

where (a) are complex metal halide anions and (b) are 
anions of strong protonic acids. 

5. A highly soluble photo-and thermo-active diaryli 
odonium salt initiator of the formula: 

OH 

where n represents an integer from 0 to 25 and X-in~ 
eludes anions of complex metal halides or strong pro 
tonic acids. 

6. The initiator of claim 5 including an anion of the 
following groups: B114", PFF, AsF6-,SbF(,—, C1041 
CF3SO 3-, FSOr, CH3SO3-and C4F9SO3-. 

i t * i i 


